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The motility of rabbit spermatozoa in dilute suspension  has been investi- 
gated by Emmens and Swyer (1948). It was observed that progressive dilution 
of spermatozoa from 20 million cells per ml. to 0.4 million cells per ml. resulted 
in rapid immobilization; motility ceasing within 2 or 3 hours. A variety of un- 
related substances of high molecular  weight including some  proteins were 
found to reduce the effects of dilution, and it was also demonstrated that the 
harmful effect of dilution with sodium chloride  as  in Milovanov's  (1934) 
resistance test was due, not to sodium chloride, but to the high dilutions used 
in the test. In this test sodium chloride was no more harmful than the specially 
prepared sulfate and tartrate diluents as also used by Milovanov. 
However, Rao and Hart (1948) find that 0.9 per cent sodium chloride has a 
stimulating effect  on bull  spermatozoa,  succeeded  by immotility within 2 
hours at a dilution of 1 in 400. 
Cheng, Casida, and Barrett (1949) diluted bull semen at rates of 1 in 10 to 
1 in 12,800 and reported that, over all dilutions, motility was greater in 0.9 
per cent sodium chloride than in 0.08 x~ (2.4 per cent) sodium citrate, but that 
the  sodium citrate permitted greater  dilution before  motility ceased.  The 
effect of dilution on the livability of bull spermatozoa kept at 5°C. was de- 
scribed by Salisbury, Beck, Cupps, and Elliott (1943). Even dilution as low 
as 1 in 8 significantly  lowered the percentage of surviving cells. 
Finally White (1952) has drawn attention to the effect of potassium on 
washed ram and bull spermatozoa. A cell suspension  of 200 million per ml. 
washed 4 times and then incubated at 37°C. shows a rapid decline in motility 
which may be prevented by the addition of potassium chloride to give a con- 
centration of 0.004 M. The dilution effect in invertebrate spermatozoa and the 
correspondinglynamed  but quite different dilution effect in mannalian sperma- 
tozoa as outlined above have been dearly distinguished by Rothschild (1950). 
In this paper the general nature of the dilution phenomenon is discussed 
and observations are made on the effect of potassium on washed ram and bull 
spermatozoa at 20 million per ml. 
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Materials  and Methods 
Active ejaculates of good initial motility were used in the tests. The control speci- 
mens were suspended in a diluent containing  3 per cent glucose, 0.26 per cent sodium 
chloride, and 20 ml. of sodium phosphate buffer (0.1 M) per 100 ml. The pH was 
7.0. The diluent used in the experiments on the effect of potassium on washed sper- 
matozoa contained 0.022 M fructose, 0.04 ~  NaCI, 0.032 M NaH~PO4.H~O, 0.048 M 
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FIG. 1.  Mean motility scores  for  suspensions of  ram  spermatozoa at  difference 
concentrations in buffered glucose-sodium chloride solutions. I  ~, 20 million 
perml, x  x, 2.9 million per ml. o  .  Jo, 0.4 million per ml. •  •,  0.06 
million per ml. 
NasI-IPO4-12  H20, and  had  a  pH of  7.0.  Sufficient 0.154  ~  KCI was added when 
required to give a concentration of 0.005 M. 
A concentration of 20 million per ml. was used for the control suspensions and the 
less  concentrated suspensions were made by direct dilution from the control tubes. 
All experiments were made with open tubes either at room temperature or at 37°C. 
Motility was scored by the method of Emmens (1947); full motility is scored as 4, 
complete immotility as zero.  Quarter grades have been used on occasions and some 
scores are given as decimal fractions in the tables. Most observations were made at 
~, I ~, 2 ~, 4, and 5 hours from the start of a test; variations from this are shown 
in the relevant tables. A.  W.  BLACKSHAW  451 
The motility index which is used as a variate is obtained for any one suspension 
by adding the individual scores for the whole period of the test. The use of this index 
as a variate has been discussed by Emmens (1948). 
RESULTS 
Tke l~ffecl of Progressive Dilulion.--Ram and bull spermatozoa were diluted 
to 20,  2.84, 0.4, and 0.06 million per ml. Figs.  1 and 2 respectively show the 
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FIG. 2.  Mean  motility  scores  for  suspensions  of  bull  spermatozoa at  different 
concentrations in  buffered  glucose--sodium  chloride  solution.  I  t,  20  million 
per ml. ×  ×, 2.9 million per ml. o  o, 0.4 million per ml. •  •. 0.06 
million per ml. 
mean motility indices for ram and bull spermatozoa at various times, calcu- 
lated from five and  four ejaculates respectively. At the highest  dilution  all 
motility of ram spermatozoa was lost within 2 ~¢~ hours; and within 4  hours 
with bull spermatozoa. The analyses of variance (Table I) in which the 5 hour 
and 4 hour motility scores were used as variates respectively, show that the 
falls in motility with progressive dilution are highly significant and that the 
ejaculates behaved in a similar manner. 
The 0.4 million per ml. dilution was used as a standard "dilute" suspension 
for further observations on the dilution phenomenon. 
The Effect  of Chloride-Free Diluents.--Modifications  of Milovanov's (1934) 452  SPERM  MOTILITY  IN DILUTE  SUSPENSION 
chloride-free diluent as used by Emmens  and  Swyer  (1948)  were employed. 
They are: SGR-2a which contains 39.0 am. of anhydrous glucose and 3.5 am. 
of sodium  sulfate per litre.  TGR-2a  in  which  7.0  gin.  of sodium potassium 
tartrate replace the sodium sulfate of SGR-2a. 
TABLE I 
Summary  Analysis  of  Variance for the Data  Shown  in  Figs.  1  and  2 
Interaction mean square is given in the last row of the V. R. column. 
Source of variation  i  D.F.* 
Ejaculates  ..................  4 
Dilutions  ...................  3 
Interactions ................  12 
Ram 
V.R.~ 
34.4§ 
0.20 
D.F. 
Bull 
V.R. 
2.0 
43.4§ 
0.09 
* Degrees of freedom. 
~: Variance ratio. 
§  P  <  0.001. 
TABLE II 
The  E.~ect of  Dilution  of  Ram  gjacugalcs  in  Chloride-Free Media 
Each figure is the mean of two replicates. 
Diluent 
Glucose-sodium chloride  (controls) 
SGR-2a 
TGR-2a 
Glucose-sodium citrate 
Sperm 
millions/raL 
2O 
0.4 
20 
0.4 
20 
0.4 
20 
0.4 
Mean motility score at 
hr. 
2.9 
1.7 
3.0 
1.3 
2.9 
1.7 
2.9 
1.8 
lj  hrs. 
2.9 
1.7 
2.8 
0.3 
3.0 
1.4 
2.8 
1.7 
2t hrs. 
2.8 
1.4 
2.8 
0.0 
2.6 
0.8 
2.5 
1.0 
4t hrs. 
2.5 
0.7 
2.4 
0.1 
2.4 
0.5 
2.5 
0.8 
A  third  chloride-free  diluent  was  also  made  which  contained  7.5  gm.  of 
sodium citrate to replace the salts in the other diluents. 
Tests on the effects of  dilution were made with these diluents and with a 
diluent which contained 2.6 gin. NaCI per litre. Two ram and four bull ejacu- 
lates were used; the results are shown in Tables II and III. It is clear that at 
20 million per ml. in both species, the chloride-free diluents do not maintain 
motility better than that containing chloride. A.  W.  BLACKSHAW  453 
Analyses of variance for the 0.4 million per rnl. suspensions showed that there 
were no significant differences between diluents for both species, although the 
motility scores for SGR-2a are consistently somewhat lower than for the other 
diluents in the case of ram spermatozoa. 
These results indicate that, as with rabbit spermatozoa, the immobilization 
of bull and ram spermatozoa in Milovanov's test of resistance is due to the effect 
of dilution rather than toxicity of the sodium chloride. 
The Effects of Supernatants from Other  Semen Suspensions.--Fresh  active 
ram and bull ejaculates were frozen and thawed. The supernatant was removed 
and diluted 1 in 10 with a diluent containing 3 per cent glucose, 0.26 per cent 
TABLE  III 
The Effect of Dilution of Bull Ej~ulal~ in Clgoride-Free Media 
Each figure is the mean of four replicates. 
Diluent 
31ucose--sodium chloride (controls) 
;GR-2a 
FGR-2a 
Glucose-sodium citrate 
Sperm 
raillla~lral. 
2O 
0.4 
20 
0.4 
20 
0.4 
20 
0.4 
Mean motility  score at 
t  hr.  1½ hrs. 2½ hrs.  4 hrs. 
3.1  2.6  2.1  1.3 
1.8  1.6  1.0  0.3 
3.0  2.4  1.8  1.7 
1.5  1.6  1.0  0.3 
3.1  2.7  2.0  1.6 
1.8  1.6  0.9  0.6 
3.0  2.3  1.6  0.9 
1.6  1.3  0.6  0.1 
24 hrs, 
1.2 
0.0 
1.5 
0.0 
1.7 
0.0 
1.2 
0.0 
NaC1, and 20 ml. of 0.1 M phosphate buffer per 100 ml. It was then used for the 
dilution of the ejaculates to be studied, and will be referred to as supernatant 
from semen. 
Four ejaculates each were examined and the results are given in Tables IV 
(ram) and V  (bull). Analyses of variance for the data of Table V showed that 
at 20 million per ml. the three diluents differed significantly  (P  <  0.01), and 
also the motility in supernatants from bull semen was significantly below that 
in the ram supernatants  (P <  0.01). At 0.4 million per ml. both the ram and 
bull plasma maintained motility at a  higher  level than  the  standard  dilute 
suspension (P  <  0.01). The analysis revealed no difference between ram and 
bull supernatants. 
Analysis of variance for the 0.4 million per ml. data of Table V (bull) showed 
that  the  diluents  differed  significantly  (P  <  0.01)  but  that  there  was  no 454  SPERM MOTILITY IN  DILUTE SUSPENSION 
difference between ram and bull semen supernatants.  At 20 million per ml. it 
is dear that there is no difference between diluents. 
TABLE IV 
Motility Indices far the Test of the E~ect of Supernatants  of Ram and Bull Semen on the 
Motility  f Ram Spermatozoa 
Diluent 
;lucose-sodium chloride 
0 per cent ram seminal plasma 
0 per cent bull seminal plasma 
Total 
Sperm 
,,~Z/~u/,,a. 
20 
0.4 
2O 
0.4 
20 
0.4 
2O 
0.4 
Elscul~te~ 
I1.3 
1.0 
12.5 
9.8 
11.0 
8.5 
34.8 
19.3 
11.0 
0.5 
11.5 
8.8 
9.5 
6.3 
32.0 
15.6 
15.0 
5.5 
15.3 
11.3 
14.0 
9.5 
44.3 
26.3 
4  Total 
12.3  49.6 
6.0  13.0 
11.8  51.1 
9.3  39.2 
10.8  45.3 
7.5  31.8 
34.9  146.0 
22.8  84.0 
TABLE V 
Motility Indices far the Test of the Effect of Bull and  Ram Semen  Supernatants  on the 
Motility of Bull Spermatogoa 
Diluent 
Glucose-sodium chloride 
10 per cent bu~ seminal plasma 
10 per cent ram seminal plasma 
Total 
Sperm 
miltians  /t¢. 
20 
0.4 
20 
0.4 
10.3 
3.8 
12.3 
7.3 
20  12.5 
0.4  6.3 
20  35.1 
0.4  17.4 
Ejaculates 
2 
15.0 
6.0 
15.8 
10.8 
16.0  1 
12.o  f 
I 
46.8 
28.8 
10.5 
4.8 
10.8 
7.0 
11.5 
6.0 
32.8 
17.8 
4 
9.1 
3.5 
10.0 
5.8 
9.1 
7.4 
Total 
44.9 
18.1 
48.9 
30.9 
49.1 
31.7 
28.2  142.9 
16.7  80.7 
Although the presence of semen supernatants does improve motility in dilute 
suspension,  comparison shows that motility falls below that recorded in any 
of the 20 million per ml. tubes. 
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spermatozoa indicate that the protective action of various colloidal solutions 
against  high  dilution was  not  very  specific and  it  was  suggested  that  the 
mechanism may be physical rather than chemical. A similar range of materials 
as used by Emmens and Swyer (1948) was selected for use with ram and  bull 
spermatozoa. These were dissolved in the glucose-sodium chloride diluent at 
the rate of 0.25 per cent (W/V).  The only control suspensions at 20 million 
per ml. were those in the glucose-sodium chloride diluent. The results of two 
successive tests each  for ram  and bull  spermatozoa are given in  Tables VI 
TABLE VI 
The Effects of Vaeim~ Substances  on tke Motility of Ram Spermato~.oa  in Dilute Suspension 
(5 Hour Tests in Duplicale) 
Diluent* 
Glucose--sodium chloride  ...................... 
~c  g¢  ¢¢ 
O. 25 per cent glycogen (oyster) ................ 
0.25  "  "  potassiumhyaluronate  ............ 
O. 25  "  "  dextrin  .......................... 
O. 25  ....  plasma fibrinogen (bovine) ........ 
0.25  "  "  porcine pepsin ................... 
0.25  ....  glycogen (rabbit) ................. 
0.25  "  "  gelatin  .......................... 
0.25  "  "  acacia gum ...................... 
0.25  "  "  potato starch .................... 
0.25  ....  soluble  starch (Lintner's) ......... 
0.25  "  "  plasma gamma globulin (bovine).. 
0.25  "  "  eggalbumin ..................... 
Sperm 
mill  lo~s  / ml. 
20 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
Motility  indices  for duplicates 
in test 
18.5 
2.0 
1.8 
3.8 
5.8 
7.3 
7.5 
10.3 
10.3 
11.5 
16.3 
2.3 
2.3 
3.0 
6.5 
6.5 
6.0 
10.0 
7.0 
11.5 
12.8  15.8 
3.5  4.0 
1.5  2.8 
3.0  5.3 
6.0  2.0 
10.8  11.8 
* Percentages are W/V. W  ffi weight of solute;  V -- volume of final solution. 
and VII. Summary analyses of variance are given in Table VIII for both species. 
The mean squares for error for each test have been combined to give an over- 
all estimate of error based on more degrees of freedom than are available for 
each individual test. The standard error of the difference between the means of 
two  pairs of duplicates is 1.28 for the results of Table VI (ram) and  1.29 for 
Table VII (bull). With estimates of error based on 11 and 14 degrees of freedom 
the mean difference between two such pairs must be at least 2.8  (P  <  0.05) 
or 4.0 (P <  0.01) for ram and 2.8  (P  <  0.05) or 3.8  (P  <  0.01)  for the bull 
spermatozoa, for significance. 
Thus the last seven substances in Table VI and the last six in Table VII 
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TABLE  VII 
The  Effects  of  Various  Substances  on  the  Motility  of Bull  Spermatozoa  in  Dilute  Suspension 
(Tests in Duplicate) 
Diluent* 
Glucose-sodium chloride ...................... 
0.25 per cent glycogen (oyster) ................ 
0.25  "  "  porcine pepsin ................... 
O. 25  "  "  potassium hyaluronate ............ 
0.25  "  "  agar ............................ 
0.25  "  "  dextrin .......................... 
0.25  "  "  glycogen (rabbit) ................ 
0.25  "  "  starch lintner ................... 
0.25  "  "  acacia gum ..................... 
0.25  "  "  potato starch ................... 
0.25  "  "  plasma gamma globulin (bovine).. 
0.25  "  "  plasma fibrinogen (bovine) ........ 
0.25  "  "  gelatin ......................... 
0.25  "  "  plasma albumin (bovine) ......... 
0.25  "  "  egg albumin .................... 
Sperm 
milli,~,slml. 
20 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
Motility indices for duplicates 
in test 
12.3  lS.3 
1.3  1.0 
1.3  0.5 
2.5  1.0 
6.3  8.5 
8.3  8.5 
8.0  10.5 
* Percentages are W/V.  W  ---- weight of solute;  V  --  volume of final solution. 
TABLE  VIII 
Summary  Analysis  of Variance for the Data of Tables  VI  (Ram)  and  VII  (Bull) 
The actual value of the interaction variance is given for each species in the V.R.  (vari- 
ance ratio)  olumn. 
T~tNo. 
1-2 
Source of variation 
Ejaculates 
Diluents 
Ejaculates 
Diluents 
Interaction (error) 
D.F.* 
11 
Ram 
V.R. 
13.8~L 
20.65 
1.7 
D.F. 
14 
Bull 
V.R. 
16.3 
10.2~ 
18.3~t 
1.7 
* Degrees of freedom. 
P  <  0.01. 
Nevertheless  it is clear that these substances  as also the supematants  did 
not maintain motility as well as was seen in the more concentrated specimens. 
The Effect of Repeated Washing on Ram Spermatozoa.--Ram spermatozoa A.  W.  BLACKSHAW  457 
were diluted to 20 million per ml., and the suspension  divided into two parts 
(a) and (b). Each was centrifuged  for 10 minutes at 1500 R.r.-. The supernatant 
was removed from tube (b) and replaced with fresh diluent. The contents of 
tube  (a)  were  resuspended by gentle agitation. Six washings  were made in 
2,~v~ hours at the end of which the washed suspensions were split into two parts, 
one labelled (b) was placed into fresh diluent, the other labelled (c), in the case 
of ejaculates 3, 4, 5, and 6, was suspended in a 1 in 10 dilution of the seminal 
plasma  from an  ejaculate which had  stood overnight before  centrifuging. 
Table IX shows that centrifugation only,  slightly l:owers motility but that 
repeated washing causes marked loss of motility which is only partially and 
inconstantly restored by the addition of seminal plasma. However,  head ag- 
TABLE  IX 
The Effects of Repeated Washing on the Motility  of Ram Spermatozoa 
(a)  Washing Six Times 
Wash.  Motility indices for ejacutates 
Time  tag N ).  2b  3c  4a  4b  4¢ 
.o 
"~)"  __la  __lb  2a 
1  3~  3  4 
2  3~  2½  4 
3  3~  2~  4 
4  2~  I~A  3~4 
s  29~  2  3~4 
e  2~  tH  3~.I 
2~  I  3~ 
+141o  +~ 
12140  3~ 
,  3 
3 
3 
3 
a  3b 
~4  2~ 
2 
2 
34  2 
14  2 
14  t~ 
3~  3 
4  3 
3~  2~1 
3 ~.'t  2 
2~  334  2~  2~ 
2~  s  2  2eA 
2¾  314  2  ,2eA 
2~  s  ~12½ 
5a  5b 
3H  3 
S~  2½ 
4  2~ 
3~  2 
s~  2  2~ 
s~o  o 
5¢  Ga 
3~4 
3~ 
3~ 
314 
s14 
314 
s 
s14 
3 
2~t 
2~ 
2~ 
2  2~ 
glutination which occurred in all the washed tubes was completely abolished 
by the seminal plasma. 
Because  of the inconclusive  results from the above experiment a  further 
series of tests was performed using six ejaculates and washing them four times 
instead of six. Table X shows that the addition of 10 per cent seminal plasma 
to four times washed spermatozoa restores  motility to a level not far below 
that of the unwashed controls. 
These results are somewhat at variance with those for the rabbit (Emmens 
and Swyer,  1948) but it appears  that repeated washing causes  irreversible 
damage to ram spermatozoa: and the results of washing only four times would 
seem to argue for this conclusion. 
Tire  Effect  of  Potassium  on  Wasked  Ram  Spermatozoa.--Five  ejaculates 
were used in the test. The diluent was buffered fructose-sodium chloride  as 
described earlier.  Four treatments were employed in these tests, the sperma- 
tozoa being diluted to 20 million per ml. in all cases. (1) A control suspension 
was centrifuged only. (2) A suspension was washed four times and finally re- 458  SPERM  MOTILITY IN  DILUTE  SUSPENSION 
suspended  in fresh diluent.  (3) A  suspension was washed four times and re- 
suspended in fresh diluent containing 0.005 M potassium chloride.  (4) A  sus- 
pension was washed four times in the potassium-containing diluent and then 
resuspended in fresh diluent of the same constitution. Observations were made 
at room temperature (24°C.) and at 37°C. 
Motility observations were made at ~,  1 ~,  2 ~/~, and 3 ~  hours after the 
last washing, the washing time being 1 hour. The added scores for each test 
(X 4) are given in Table XI. Analyses of variance for each temperature showed 
that at both temperature levels the results of treatments differed significantly 
(P <  0.001) and also that the potassium treatments were superior to the non- 
potassium treatments (P <  0.01 for 37°C. and P  <  0.05 for room temperature 
(24°C.)). 
TABLE X 
The Effects of Repealed Washing on tke Motility of Ram Spermatozoa 
(b) Wasking Four Times 
Motility indices  for ejaculates 
I 
2 
3 
4 
la  lb  1¢  2a  2b 
3~4  3~4  --  3H  3~4 
3  2~4  --  3H  2¾ 
3  2~4  2~A  3H  2~4 
3  2  2~  3~  2~i 
3~  1~  3  3~  1~ 
3  1~  28A  3~  1~ 
3],1  2  2~1+3~112 
3a 
!--3¼ 
33H 
3]  3 
33 
;b  3¢ 
'28A  -- 
234  -- 
1~4  2~ 
1~4  2~A 
t~4  2~4 
~H  2~4 
t~4  2~4 
4a  4b 
3~  3 
3~4  2~. 
3~4  2~4 
3~  2 
3H  1~ 
3  1~ 
4v  5a  fib 
--  234  2~4 
--  2~  234 
--  2~  2 
3  234  13A 
2~  2~1~ 
2~12  1M 
2 ~4 +  1 ~4  t~ 
2~4 
2~ 
l~t  A 
1 
5¢  6a  6b  6¢ 
3~4  3~4  -- 
334  2~1  -- 
3  2~4  -- 
3  2~  3 
2SA  1~4  2~4 
2~4  1~4  291 
2½  1~4  2~ 
2~  1~  2~ 
Although the motility of the spermatozoa washed in a potassium-containing 
medium is markedly superior  to  that  of spermatozoa washed  in  a  medium 
containing no potassium the motility scores of the former are well below those 
of unwashed cells, so it is probable that some other substances are also  lost 
during the washing procedure. 
The Effect of Wasking on Bull Spermatozoa.--A similar experiment with bull 
spermatozoa was  performed and  extended  to  include  the  effects of plasma 
albumin  and  bull  seminal  plasma.  The  four  treatments  as  used  with  ram 
spermatozoa were employed and also at the end of the fourth washing in  the 
potassium-free diluent  the  spermatozoa in  two  tubes were resuspended  in a 
medium containing 0.25 per cent plasma albumin and 10 per cent bull seminal 
plasma respectively. 
Table XII showing the total motility scores (X 4) for the four observations 
made in the 3 ~'~ hours after completion of the washing, clearly demonstrates 
that potassium has no beneficial effect on the motility of four times washed bull 
spermatozoa.  Plasma albumin  which  maintains  the  motility of diluted  bull A.  W.  BLACKSHAW  459 
TABLE XI 
The~Efferg of Potassium  Chloride on the Motility of Four  Times  Washed Ram  Spermatozoa 
Motilit~indices (X 4) are for the 3~ hour period from the end of the last washing. 
(a)  Room Temperature (24°C.) 
Treatment 
Centrifuged .....................  49  55 
Sodium-washed  ..................  25  31 
Sodium/potassium washed .........  34  35 
Potasslum-washed  ...............  35  36 
Total .........................  143  157 
Ejaculates 
3  4  5 
54  51  49 
34  31  34 
38  35  34 
37  37  31 
163  154  148 
Total 
258 
155 
176 
176 
765 
(b)  .Y7°C. 
Ejaculates 
Treatment 
Centrifuged ..................... 
Sodium-washed  ................. 
Sodium/potassium-washed  ....... 
Potassium-washed  .............. 
Total ......................... 
22 
10 
20 
19 
71 
29 
11 
15 
16 
71 
40 
15 
29 
28 
112 
5 
35  27 
12  12 
21  12 
24  13 
92  64 
Total 
153 
60 
97 
100 
410 
TABLE XII 
The E~e~ts of Potassium, Serum Albumin,  and  Bull Seminal Plasma on the MotiliSy of Four 
Times Washed Bull Sperm 
Treatment 
Centrifuged ............................. 
Sodium-washed  ......................... 
Sodium/potassium-washed  ............... 
Potassium-washed  ....................... 
Sodium/protein-washed  .................. 
Sodium/seminal  plasma-washed  ........... 
Total ................................ 
Temperature 
26"C  37"C 
Ejaculates  Ejaculates 
1  Total 
20 
12 
12 
8 
5 
33 
2  3 
35  29 
25  6 
12  19 
19  23 
19  12 
40  I  31 
90  150  120 
Total  1  2  3 
84  23  44  29 
43  7  10  4 
43  5  5 
50  1  6 
36  4  24 
104  29  51 
360  "~)  i  140 
96 
21 
8  18 
9  16 
11  39 
29  109 
90  299 
sperm  to a  considerable  degree is also ineffective. However, motility is  com- 
pletely restored by the addition of bull seminal plasma and in most  cases  the 
total motility score exceeds that of the unwashed controls. 460  SPERM  MOTILITY  IN  DILUTE  SUSPENSION 
DISCUSSION 
The rapid loss of motility which occurs when rabbit spermatozoa are sus- 
pended in physiological solutions at high dilutions (Emmens and Swyer, 1948) 
has also been described by Kennedy (1947) with human spermatozoa, and in 
this paper with ram and bull spermatozoa. In these species the range of sper- 
matozoal densities over which the dilution phenomenon appears is of the same 
order and this suggests that the dilution phenomenon may be of general occur- 
rence with mammalian spermatozoa. 
The belief that the effects of high dilution may be due to a toxic property of 
sodium chloride  (Milovanov, 1934) is not supported for rabbit spermatozoa 
by the work of Emmens and Swyer (1948) or by the experiments described 
in this paper. These results also confirm the earlier observations that at cell 
concentrations of about 20 million per ml. or higher, sodium chloride in isotonic 
diluents is non-toxic to spermatozoa, except at an alkaline pH (Emmens, 1948; 
Blackshaw and Emmens, 1951). 
The protective action of the miscellaneous substances used in the dilution 
tests suggests a physical rather than a chemical action. This is possibly associ- 
ated with the cell surface.  It seems unlikely that these substances, mainly of 
high molecular weight, could penetrate  the  cell  wall.  Emmens and Swyer 
(1948) advanced the hypothesis that they prevent the loss of intraceUular  or 
perhaps paracellular material from the cell and furthermore, showed that the 
hyaluronidase which may be leached from spermatozoa can be reabsorbed by 
them in significant amounts. White (1952) has shown that moderate dilution 
(200 million per ml.) and washing followed by incubation at 37°C. cause rapid 
motility loss, unless the washing is performed with a diluent containing 0.004 M 
potassium chloride.  Experiments described  in this paper show that washing 
ram spermatozoa at a dilution of about 20 million per ml. results in great loss 
of motility  which may  be significantly  improved by resuspension in a potassium- 
containing medium. This  suggests  that  potassium  loss  may be  a  limiting 
factor for motility and that it may be reabsorbed. 
Although potassium does significantly improve the motility of washed ram 
spermatozoa it does not affect the head agglutination which is also present. 
This agglutination is completely reversed by the addition of seminal plasma, 
independently of any great improvement of motility. 
It appears that high dilution and repeated washing differ in the amount of 
damage they cause to the sperm cell. If it is assumed that two types of sub- 
stances,  both  necessary for motility, could be  lost from spermatozoa,  one 
diffusible and the other relatively non-diffusible, the latter may be lost only 
when the cell membrane has been damaged; whereas it is possible that rapid 
and high dilution may result in the loss of both these substances.  The various n.  w.  BLACKSHAW  461 
protective  substances may partially prevent  the  loss  of  the  non-diffusible 
substances and so incompletely maintain motility. The loss of diffusible ma- 
terials would probably be unaffected by the protective agents. 
Washing of spermatozoa on the other hand may cause less damage and only 
the readily diffusible substances may be lost. These might be absorbed from a 
diluent containing them, such as seminal plasma. 
SUMMARY 
1.  Ram and bull spermatozoa suspended in a glucose-sodium chloride  solu- 
tion rapidly lose  motility at relatively high dilutions. The  substitution of 
chloride-free diluents does not alter the phenomenon. 
2.  The rapid immobilization of ram and bull spermatozoa due to high dilu- 
tion may be partially prevented by the addition of supernatants of either ram 
or bull semen, although motility is not maintained at the same level as  in a 
more concentrated specimen.  Various  other substances which also partially 
protect spermatozoa are egg albumin, plasma albumin, plasma gamma globulin, 
starch, and glycogen. 
3.  Washing ram spermatozoa six times greatly reduces motility. This is not 
restored by the addition of ram seminal plasma which, however,  reverses  the 
concurrent head agglutination. 
4.  Washing ram and bull spermatozoa four times results in considerable loss 
of motility and head agglutination  both of which may be reversed by the addi- 
tion of seminal plasma. 
5.  Potassium chloride at 0.005 ~ concentrationpartially  restores the motility 
of four times washed ram spermatozoa at 24°C.  or 37°C.  but not  that of 
similarly treated bull spermatozoa.  - 
The author is indebted to Professor C. W. Emmens for advice and help in the 
statistical problems. 
Bull semen was obtained from the Veterinary Research Station, Glentield, the 
Camden Park Estate, and the University Farm, Badgery's Creek. 
The work was performed while in  receipt of a grant from the  Commonwealth 
Bank of Australia and the University Research Grant. 
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